The benefits and risks of steroids for the treatment of IgA nephropathy remain uncertain. We systematically searched MEDLINE, EMBASE, and the Cochrane Library for randomized, controlled trials of corticosteroid therapy for IgA nephropathy published between 1966 and March 2011. We identified nine relevant trials that included 536 patients who had urinary protein excretion .1 g/d and normal renal function. Forty-six (8.6%) of these patients developed a kidney failure event, defined as doubling of the serum creatinine/halving of the GFR or ESRD. Overall, steroid therapy was associated with a lower risk for kidney failure (relative risk, 0. , with no evidence of heterogeneity in these outcomes. Subgroup analysis suggested that the dose modifies the effect of steroids for renal protection (P for heterogeneity=0.030): Relatively high-dose and short-term therapy (prednisone .30 mg/d or high-dose pulse intravenous methylprednisolone with duration #1 year) produced significant renal protection, whereas low-dose, long-term steroid use did not. Steroid therapy was associated with a 55% higher risk for adverse events. The quality of included studies was low, however, limiting the generalizability of the results. In conclusion, steroids appear to provide renal protection in patients with IgA nephropathy but increase the risk for adverse events. Reliably defining the efficacy and safety of steroids in IgA nephropathy requires a high-quality trial with a large sample size.
IgA nephropathy is the most common primary glomerular disease worldwide, especially in young adults, [1] [2] [3] and is among the most common causes of kidney failure. Many affected individuals develop chronic, slowly progressive renal injury. It is estimated that 1%-2% of all patients with IgA nephropathy will develop ESRD each year from the time of diagnosis. 4 Previous studies have estimated that 13%-22% of people with IgA nephropathy will reach ESRD by 10 years, and up to 20%-30% will do so by 20 years. Impaired kidney function, sustained hypertension, persistent proteinuria (especially proteinuria over 1 g per day), and the nephrotic syndrome are markers of poor prognosis. [5] [6] [7] [8] No specific therapy is available for IgA nephropathy. BP lowering and renin-angiotensin system inhibition remain the cornerstone of management in people with IgA nephropathy, 9 but better treatments are required.
The use of steroids in IgA nephropathy has been controversial. Breakthroughs in our understanding of the pathogenesis of IgA nephropathy have highlighted the immunologic basis of the condition. Identification of a specific autoantigen/autoantibody (characteristic of autoimmune diseases), the presence of immune-complex-mediated GN, and complement activation through lectin pathway 10, 11 have provided a clear potential rationale for immunosuppressive therapy in the management of progressive IgA nephropathy. Recently reported randomized, controlled trials (RCTs) have tested interventions intended to slow immune and inflammatory events implicated in progressive IgA nephropathy with corticosteroids. The results from the reported trials provided inconsistent results, and much uncertainty persists regarding the effectiveness of this therapy in progressive IgA nephropathy. Several reviews have evaluated the use of steroids in IgA nephropathy. However, these overviews were either a few years before without including the new trials 12 or lacked good evaluation of hard endpoints 13 or safety. 14 In this systematic review, we sought to synthesize all available clinical trial data to better define the balance of risks and benefits associated with steroid therapy in IgA nephropathy.
RESULTS

Trial Flow and Study Characteristics
The literature search yielded 1829 articles. Of these, 78 were reviewed in full-text form; 9 RCTs, reported in 10 publications, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] were identified as suitable for inclusion in this study. The reasons for exclusion are listed in Figure 1 . The included trials provided information on a total of 536 patients who developed 46 kidney failure events. The characteristics of the included studies are summarized in Table 1 . Among them, one study (34 patients) included patients mainly with proteinuria in the nephrotic range, 15 six studies [17] [18] [19] [20] [21] 23, 24 (435 patients) included patients with proteinuria 1-3.5 g/d, and two trials 16, 22 (67 patients) included those with proteinuria ,1 g/d. Most studies [17] [18] [19] [22] [23] [24] (five studies with 356 patients) recruited patients with serum creatinine ,1.5 mg/dl or estimated GFR .50 ml/min per 1.73 m 2 .
Quality of Trials
Reporting of key indicators of trial quality was suboptimal (Supplemental Table 1 ). Some studies in particular provided few details on the process of randomization, concealment of allocation, and use of intention-to-treat analysis. All of the trials were small (19-97 participants). Most trials (89%) used an open-label design, only three reported that they adequately concealed allocation, and five performed intention-to-treat analysis.
Effects on Renal Survival
Overall, steroid therapy reduced the risk for ESRD or doubling of serum creatinine or halving of GFR by 68% (eight trials, 17 =0.0%, P for heterogeneity=0.765). The most data were provided by the studies by Pozzi 24 and Manno 17 and colleagues (13.6% and 26.2% of the weight, respectively).
Subgroup analyses were performed for the composite renal endpoint (Figure 3 ). We noted a different magnitude of effect according to the steroid dose used in trials; the RR was 0.14 (95% CI, 0.05-0.39) for a higher-dose, short-term regimen (prednisone . 30 mg/d or methylprednisolone pulse therapy, #12 months) compared with 0.69 (95% CI, 0.25-1.88) for lower-dose, long-term therapy (P for heterogeneity=0.030). There was no apparent heterogeneity of effect between the trials with or without angiotensin-converting enzyme (ACE) inhibitors as a background therapy (P for heterogeneity=0.206). No clear evidence of heterogeneity was found in comparisons of summary results obtained from subsets of studies grouped by sample size, age, follow-up duration, the percentage of Figure 1 ).
Effects on Proteinuria
Proteinuria at the end of treatment or during follow-up was significantly lower in patients receiving steroid than in the control groups (five trials, 15, 16, [20] [21] [22] (Figure 4) .
There was some indication that the reduction in risk for kidney failure with steroid therapy may be associated with the difference in proteinuria reduction between treatment groups ( Figure 5 ), but this finding was not statistically significant (P=0.11).
Adverse Events
Data on adverse outcomes potentially associated with treatment were collected from the trials but were inconsistently reported ( 
DISCUSSION
The immunologic mechanisms now known to be involved in the development and progression of IgA nephropathy suggest a potential beneficial role for immunosuppressive therapies. This systemic review, including nine RCTs with more than 500 patients, provides evidence suggesting that a relatively short course of immunosuppression with steroids in IgA nephropathy may reduce the risk for kidney failure by two thirds compared with supportive therapy or ACE inhibitors alone. Consistent with this finding, steroid therapy also reduced proteinuria by 0.46 g/d (95% CI, 20.63 to 20.29 g/d). Of note, these results are mainly driven by two studies, 17, 24 one of which 24 did not include optimal antiproteinuric and antihypertensive therapy. Conversely, steroid therapy increased the risk for adverse events, including diabetes, weight gain, and Cushing syndrome in most trials, whereas the effect on other, more serious adverse events remains uncertain.
This analysis has several important strengths. For example, we used rigorous methods, included more studies than did previous reviews, and focused on the critical clinical outcome of kidney failure. In addition, we attempted to tabulate adverse events. Overall, our analysis demonstrated the potential value of steroids as a treatment strategy for a short-term period (about 6 months). Because the therapy is inexpensive and appears to be mostly well tolerated, it offers great promise as a method of substantially reducing the burden of ESRD around the world. However, given the quality of the studies, and the shortcomings identified, this systematic review does not replace the need for a well conducted large clinical trial.
It remains premature to recommend the routine use of steroids in IgA nephropathy, for many reasons. The available studies are small and short-term and were generally conducted in a single center. Measures of study quality were suboptimal, and data on adverse effects were not collected consistently. Furthermore, individuals with significantly elevated creatinine levels or reduced estimated GFR were excluded, even though they could potentially derive the greatest benefit. It is also unknown whether immunosuppressive therapy adds benefit after supportive care has been optimized; a trial evaluating this issue, STOP-IgAN (Supportive Versus Immunosuppressive Therapy of Progressive IgA Nephropathy), is ongoing. 25 As a result, the balance of benefits and risks remains uncertain, and it is not clear who should be treated with this therapy.
The results of this systematic review strongly support the need for a large, high-quality multicenter trial specifically powered to detect benefits for kidney failure in a broad population of people with high-risk IgA nephropathy and to collect reliable data on adverse outcomes. Such a trial is being planned by this study group across several countries (the TESTING [Therapeutic Evaluation of STeroids in IgA Nephropathy Global] study). This study will involve patients with high risk for kidney failure, defined as ESRD or 50% GFR decline. A target sample size of 1300 participants will provide excellent power to detect a 30% RR reduction (the upper limit of the 95% CI of the pooled results) with steroids over an average 5-year follow-up, and the involvement of additional centers and countries is welcome.
The results of this systematic review provide important additional information relevant to the design of future trials. First, our results suggest that the renal benefits varied according to the steroid dose used in the clinical trials. Treatment with highdose regimens appeared effective, whereas low-dose regimens were possibly inferior. A high-dose regimen might therefore be preferred in future trials. Second, subgroup analysis revealed that renal protection achieved with steroids was not influenced by background therapy with or without ACE inhibitors, suggesting that the therapeutic effect of steroids may be independent of renin-angiotensin system inhibitors. Third, urine protein excretion was reduced, and this effect appeared to be possibly related to the kidney failure benefits according to metaregression analysis; however, this analysis was underpowered in the regression model. This finding is consistent with the results of cohort studies suggesting that proteinuria remission will preserve kidney function in IgA nephropathy. 7 In conclusion, the results of this systematic review examining published RCTs suggest that steroid therapy reduces proteinuria and may prevent ESRD in patients with IgA nephropathy who are proteinuric but have relatively preserved kidney function. The limitations of the current studies mean that a high-quality RCT with a large sample size is still needed to reliably define the efficacy and safety of steroids in IgA nephropathy. If these benefits are confirmed by such a trial, large numbers of people could be prevented from reaching ESRD, benefiting the affected individuals, their families, and their communities.
CONCISE METHODS
Data Sources and Search Strategy
We performed a systematic review of the published work according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for the conduct of meta-analyses of intervention studies. 26 The search was limited to RCTs that assessed the effects of steroid therapy in IgA nephropathy and had a follow-up period of at least 6 months. No language restriction was used. 
Study Selection
The literature search, data extraction, and quality assessment were undertaken independently by two authors (D. Xu and X. Ma) with a standardized approach, and differences were resolved by discussion with a third author (J. Lv).
Data Extraction and Quality Assessment
Published reports were obtained for each trial and standard information was extracted into a spreadsheet separately by two authors (D. Xu and X. Ma). The extracted data included baseline patient characteristics (age, gender, serum creatinine, GFR, proteinuria, BP), follow-up duration, mean proteinuria reduction, steroid doses and modalities of treatment, outcome events, and adverse events. Whenever data were not reported in the publications, [16] [17] [18] the primary review investigators (J. Lv and D. Xu) contacted the study authors to seek the missing data.
Study quality was judged according to standard criteria (allocation concealment, blinding of patients, investigators and outcome assessors, completeness of follow-up, and use of intention-to-treat analysis). 27 
Outcomes
The primary outcome was kidney failure events, defined as a composite of ESRD or doubling in serum creatinine or halving of GFR. Secondary outcomes of interest were reduction in proteinuria and adverse outcomes.
Data Synthesis and Analysis
Dichotomous outcome data from individual trials were summarized using the pooled RR measure and its 95% CI. For continuous outcomes, the difference in means and their 95% CI at the end of follow-up were calculated for individual trials, and the weighted mean difference was used as a summary estimate. Pooled estimates across studies were obtained by means of random-effects models after log transformation. Studies were weighted according to an estimate of statistical size, defined as the inverse of the variance of the log RR. 28 We used a random-effects model in this study because it is generally considered to be more conservative. 29 When zero events were observed in one or both treatment groups of a study, the reciprocal of the size of the opposite treatment group was added to each cell of the 232 table as a continuity correction factor. Heterogeneity of treatment effects between studies was investigated statistically through chi-squared and I 2 statistics. 30 Potential publication bias was assessed with the Egger test and represented graphically with Begg funnel plots of the natural log of the RR versus its SEM. 31 We explored potential heterogeneity in estimates of treatment effect by comparing summary results obtained from subsets of studies grouped by the median value of included studies (e.g., sample size, age, follow-up duration, BP at baseline) or according to condition (e.g., whether ACE inhibitors were used as background therapy). Meta-regression was used to assess the association of proteinuria reduction between the intervention and control groups and the RR for the composite renal endpoint. All the reported P values are two-sided, and P,0.05 was considered to represent statistically significant differences. All analyses were calculated using Stata software, version 11.0, and Review Manager 5.0.
